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Thesis Summary 
In this thesis, we study heat transport phenomena via quasi-one-dimensional charged systems 
and discuss novel nonequilibrium phenomena induced by magnetic fields. 
In recent years, it has been experimentally reported that the thermal conductivity in 
low-dimensional materials such as carbon nanotubes and graphene diverges with increasing 
system size. Also, it has been observed that polymer nanofibers have very high thermal 
conductivity, while bulk polymers are generally thermal insulators. These anomalous behavior 
have been intensively studied theoretically. It is now believed that in low-dimensional systems, the 
Fourier’s law is generically broken, and the thermal conductivity exhibits power-law divergence 
with increasing system size. This phenomenon is called anomalous heat transport and is still 
actively being debated about its underlying mechanisms, diversity, and universality. In this 
background, we theoretically discuss magnetic effects on low-dimensional heat transport, which 
have never been seriously studied so far. This thesis consists of two results. 
First, we discuss magnetic effects on anomalous heat transport via quasi-one-dimensional 
charged systems. In general, heat transport in dielectrics is analyzed by using nonlinear lattice 
models where neighboring particles are connected via a nonlinear spring. However, accurate 
analysis of nonlinear dynamics in large systems is generically hard even with numerical methods. 
Then, we introduce an exactly solvable model by replacing nonlinear dynamics with stochastic 
noise that preserves conserved quantities. Using this model, we derive the exact solution of the 
heat-current autocorrelation function which exhibits anomalous slow decay with the exponent 3/4. 
This exponent differs from the universal values predicted in the previous theory, and thus implies 
that magnetic fields lead to a new universality class. 
Second, we discuss novel nonequilibrium phenomena induced by heat current via 
quasi-one-dimensional charged systems under magnetic fields. In electric systems, the Nernst 
effect is well known, which means that heat current under magnetic fields induces electromotive 
force in the direction perpendicular to both the magnetic fields and heat current. We found an 
analogous phenomenon in our setup. That is, constituent particles deviate in a direction 
perpendicular to both the magnetic fields and heat current. We show that this phenomenon 
requires nonlinear dynamics as well as nonequilibrium state. We developed a linear response 
analysis to obtain the thermodynamic force which induces the finite deviation. Finally, we 
demonstrate the inverse effect where heat current is generated by inducing particle deviation 
applying oscillating external forces under magnetic fields. This effect may provide a basic 
mechanism for controlling heat. 
 
